The chitinase-producing strain SC081 was isolated from Korean traditional soy sauce and identified as Bacillus atrophaeus based on a phylogenetic analysis of the 16S rDNA sequence and a phenotypic analysis. A gene encoding chitinase from B. atrophaeus SC081 was cloned in Escherichia coli and was named SCChi-1 (GQ360078). The SCChi-1 nucleotide sequences were composed of 1788 base pairs and 596 amino acids, which were 92.6, 89.6, 89.3, and 78.9% identical to those of Bacillus subtilis (ABG57262), Bacillus pumilus (ABI15082), Bacillus amyloliquefaciens (ABO15008), and Bacillus licheniformis (ACF40833), respectively. A recombinant SCChi-1 containing a hexahistidine tag at the amino-terminus was constructed, overexpressed, and purified in E. coli to characterize SCChi-1. H6SCChi-1 revealed a hydrolytic band on zymograms containing 0.1% glycol chitin and showed the highest lytic activity on colloidal chitin and acidic chitosan. The optimal temperature and pH for chitinolytic activity were 50 o C and pH 8.0, respectively. [BMB reports 2011; 44(3) : 193-198] 
INTRODUCTION
Chitinase is an enzyme that catalyzes the hydrolysis of chitin, the linear polymer of β-1, 4-linked N-acetylglucosamine (GlcNAc). Chitin, a highly insoluble biopolymer, is one of the most abundant organic compounds in nature (1). The enormous amounts of chitin that are continuously generated require disposal and recycling on a formidable scale. Thus, considerable attention has been focused on chitin hydrolysis. Additionally, chitin oligosaccharides generated by chitin hydrolysis possess versatile functional properties (2). Industrially, chitin oligosaccharides have been processed by chemical methods. For example, GlcNAc is produced by the acid hydrolysis of chitin with concentrated HCl at high temperature. However, this chemical process has some problems, including the production of acidic wastes, low yield, and high cost. Therefore, it is important to isolate chitinase, which is essential for producing chitin oligosaccharides from chitin.
Chitinases have been found in a wide range of organisms including bacteria, fungi, higher plants, insects, crustaceans, and some vertebrates. In particular, bacteria produce various chitinases to digest chitin and utilize it as an energy source (3), and most of these chitinases have been isolated and characterized from Bacillus species (1, 4, 5) . Bacillus species secrete a large number of chitinases into the medium, which complicate downstream processing and affect product stability (1, 4). Therefore, it would be advantageous to overexpress Bacillus chitinase intracellularly in an Escherichia coli expression system. Secretion of recombinant proteins into the periplasm has several advantages over intracellular production, such as facilitated downstream processing, higher product stability and solubility, increased biological activity, and correct folding and processing (3, 6, 7). Although these advantages are known in E. coli expression systems, these systems are limited in that not every chitinase can be expressed efficiently.
In this report, we generated a high level chitinase using an E. coli expression system. We isolated the chitinase from Bacillus atrophaeus, and it was characterized to hydrolyze colloidal chitin as well as chitosan. Additionally, the enzyme showed its highest activity at 60 o C compared with the other chitinases.
RESULTS AND DISCUSSION
Screening and identification of a strain producing chitinase SC081, isolated from Korean traditional soy sauce, had the highest chitinolytic activity, as it had the largest clear zone around the colony on a plate containing 1.0% colloidal chitin. SC081 is a Gram-positive rod-shaped Bacillus that produces a soluble brown pigment in a medium containing an organic nitrogen source such as Bacillus atrophaeus. B. atrophaeus is a Gram-positive, aerobic, endospore-forming, rod-shaped bacterium that produces a pigment on media containing an organic nitrogen source (8). To date, SC081 and B. atrophaeus had similar properties. SC081 was affiliated with the genus Bacillus, closely related to B. atrophaeus (99% sequence identity), and formed a robust clade with B. atrophaeus based on a http://bmbreports.org phylogenetic analysis of its 16S rDNA gene sequence (data not shown). Based on these data and previous reports, SC081 was classified as B. atrophaeus and named B. atrophaeus SC081. Although a large numbers of chitinases have been identified in Bacillus sp., chitinases have not been found in B. atrophaeus.
Cloning and sequencing of chitinase SCChi-1
To clone the chitinase gene from B. atrophaeus SC081, subclones were obtained using PCR, and the plasmid DNA was isolated and analyzed by DNA electrophoresis. Subsequently, the 2.0 kb lengths of DNA were sequenced, and a gene coding chitinase was selected. The complete nucleotide sequences and the deduced amino acid sequences are presented in Fig.  1A . The entire open reading frame consisted of 1788 nucleotides, encoding a putative protein of 596 amino acids with a theoretical molecular mass of 65.5 kDa and designated as SCChi-1 (GQ360078). SCChi-1 was also characterized against known chitinases using a comparative sequence analysis and was 92.6, 89.6, 89.3, and 78.9% identical to that of Bacillus subtilis (ABG57262), Bacillus pumilus (ABI15082), Bacillus amyloliquefaciens (ABO15008), and Bacillus licheniformis (ACF40833), respectively (Fig. 1B-D) . Similar to these chitinases, SCChi-1 is composed of three domains in the following order: a glycosyl hydrolase domain from Ser-34 to Pro-448 (1, 5, 9), a fibronectin 3 (Fn3) domain from Ser-458 to 3, 10) , and a chitin binding domain (ChiBD) from Lys-549 to 9) . These domains contain consensus residues, as indicated in Fig. 1 . In the glycosyl hydrolase domain (Fig. 1B) , the conserved Phe190, Asp194, Glu198, and Leu205 residues are associated with chitin hydrolysis (9, 11). In the Fn3 domain (Fig. 1C) , the conserved Pro, Ser, and Thr residues are important for the degradation of insoluble and crystalline polysaccharides such as chitin. Several well-conserved Pro residues implies a proline-specific protease, and hydroxyamino acid residues such as Ser and Thr connect the catalytic domain and the chitin binding domain as a domain linker (1, 3) . Therefore, the Fn3 domain is found in several enzymes such as chitinases, cellulases, amylases, poly (3-hydroxybutyrate) depolymerases, and bacterial glycosyl hydrolases (10). The C-terminal region of SCChi-1 contained the well-conserved ChiBD (Fig.  1D) . The importance of ChiBD has been demonstrated for some bacterial chitinases in the degradation of insoluble chitin (11). In particular, Tyr and Trp residues and several polar hydrogen bonding groups, which are involved in the ability of chitinase to stack directly against the pyranose rings of N-acetylglucosamine residues in chitin, are known in ChiBD (11). Therefore, the SCChi-1 sequence analysis suggested that it may be able to function as a chitinase. However, a functional chitinase activity study of SCChi-1 is needed to determine whether it plays a role as a chitinase.
Expression and purification of SCChi-1 in E. coli
The SCChi-1 coding region was inserted into the E. coli expression vector pBADNH to produce SCChi-1 for the func-
